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(54) Electrolyte solution filling method and battery structure of lithium secondary battery 



(57) Provided are a method for filling an electrolyte 
solution and a battery structure of a lithium secondary 
battery comprising an internal electrode body formed by 
winding a positive electrode, and a negative electrode, 
with sandwiching a separator therebetween around the 
outer periphery of a core, and an electrolyte solution to 
impregnate said internal electrode body: said method 
being excellent in the productivity, and battery perform- 
ance as well, and being characterized by an easy filling 
of an electrolyte solution, with minimization of excessive 
electrode solution in the battery, by virtue of the provi- 
sion of an electrolyte solution injection opening in a spe- 
cific position, e.g. at one end of the wound electrode 
body, the injection needle passing through the center of 
the coil, through which the electrolyte solution is 
injected and extracted efficiently by using a nozzle for 
injection and/or extraction of electrolyte solution. An 
opening in the cap for filling electrolyte and a central 
duct for conveying it are also disclosed. 
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Description 

Background of the Invention and Related Art Statement 

[0001] This invention relates to a method for filling s 
an electrolyte solution into a lithium secondary battery; 
said method capable of filling electrolyte solution into a 
case and extracting an excessive electrolyte solution 
therefrom, and sealing easily a battery, thereby the sim- 
plification of fabrication process, the reduction in the w 
production cost, and the improvement in compaction of 
energy density can be achieved, and a battery structure 
of the lithium secondary battery; said battery having a 
reduced current collection resistance from positive elec- 
trodes and negative electrodes, and a narrowed devia- is 
tion in the fluctuation in the resistances among the tabs 
engaged in current collection as well, and having a sim- 
ple structure as a battery so as to enable to make an 
easier assembly of the battery and to effectuate the 
aforementioned method for filling an electrolyte solution 20 
into the case easily. 

[0002] In recent years, the lithium secondary bat- 
tery has been widely used as a power battery for handy 
electronic appliances such as personal handy phone 
systems, video tape recorders, notebook-type comput- 25 
ers, or the like. Additionally, in the case of a lithium sec- 
ondary battery, a single battery can generate a voltage 
of approximately 4 V, and this level of voltage is higher 
than that of conventional secondary batteries such as a 
lead battery, or the like, and its energy density is also 30 
high. Thus, much attention has been paid to it not only 
as a power source for the aforementioned handy elec- 
tronic appliances, but also as a motor driving power 
source for an electric vehicle (EV) or a hybrid electric 
vehicle (HEV), of which penetration among the general 35 
public is being earnestly planned as a low-pollution 
vehicle due to the recent development in the environ- 
mental problems. 

[0003] In a lithium secondary battery, in general, a 
lithium- transition metal compound oxide as a positive 40 
active material, a carbon material as a negative active 
material, and an organic electrolyte solution obtained by 
dissolving a Li-ion forming electrolyte in an organic sol- 
vent as an electrolyte solution are used. And, for an 
internal electrode body as a portion where battery reac- 45 
tion is carried out, are available various types. 
[0004] For example, in a coin-shaped battery with a 
small capacity, a sandwiched -type internal electrode 
body in which a separator is sandwiched between a 
positive electrode and a negative electrode is used, so 
Here, as the positive electrode and the negative elec- 
trode, those that are formed in a disk like shape, or in a 
coin like shape by subjecting positive material and neg- 
ative material to press-forming processing or the like, 
respectively are suitably used. 55 
[0005] As one example of preferable structures of 
internal electrode bodies to be used for a lithium sec- 
ondary battery with a comparatively large capacity usa- 



ble for an EV, or the like, as is shown in Fig. 18,there is 
given a wound-type internal electrode body 1 being 
formed by winding around the outer periphery of a hol- 
low cylinder-shaped core 6 a positive electrode 2 having 
a tab 5 for current collection and a negative electrode 3 
having tab 5 for current collection, in a such manner that 
the positive electrode 2 and negative electrode 3 are not 
brought into direct contact with each other, by sand- 
wiching a separator 4 between the positive electrode 2 
and the negative electrode 3. Here, in general, the 
length of the core 6 is set equal to the width of the posi- 
tive electrode 2 and that of the negative electrode 3. 
Incidentally, there is also proposed a battery using a 
laminate-type internal electrode body formed by lami- 
nating alternately via separators 4 a plurality of positive 
electrodes 2 and negative electrodes 3 having been 
prepared by cutting the above-mentioned positive and 
negative electrodes, respectively into those with small 
areas. 

[0006] Now, in any case where any of the above- 
described structures is adopted as an internal electrode 
body, it is necessary to soak the internal electrode body 
in an electrolyte solution. Here, as an electrolyte solu- 
tion, a non-aqueous electrolyte solution (hereinafter to 
be referred to as an "electrolyte solution"), which is 
obtained by dissolving a lithium electrolyte in an organic 
solvent, is used. In the case of a coin-shaped battery, for 
example, there is employed such a technique that a pre- 
determined quantity of an electrolyte solution is injected 
by using a metering pump, or the like, under a reduced 
atmosphere and the battery case is sealed so as to fill 
the case with the electrolyte solution, after the internal 
electrode body is mounted inside a battery case. In 
addition, even in the case where a wound-type internal 
electrode body is used, a similar technique is used as 
long as a small capacity battery such as common 1 8650 
(with a diameter of 1 8 mm0 and a length of 65 mm) cyl- 
inder-type battery is produced. In such a method, an 
excessive amount of electrolyte solution that is not actu- 
ally required is liable to be filled therein. 
[0007] Since electrolyte solution is generally expen- 
sive, the percentage of battery costs attributable to elec- 
trolyte solution is not small. Nevertheless, in the case of 
those batteries having a small capacity, the reasons 
why the aforementioned method for filling an electrolyte 
solution is adopted are considered that: 

the space where excessive electrolyte solution 
(hereinafter to be referred to as a "excessive elec- 
trolyte solution") is filled in is small in the absolute 
value, the cost for the electrolyte solution used for 
filling such a small space is considered not to be so 
high since the internal electrode body does not 
occupy much space in the interior of the battery in a 
small capacity battery; 

a desired battery performance is obtainable if a 
minimum required quantity of an electrolyte solution 
is filled in a case since the area of reaction in the 
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battery is small; and 

an introduction of a step for recovering an exces- 
sive electrolyte solution results in raising production 
costs unintentionally, etc. 

5 

[0008] On the contrary, in the case of a battery hav- 
ing a relatively large capacity (hereinafter to be referred 
to as a "large capacity battery") to be applied to an EV, 
or the like, the size of a battery itself will necessarily 
become large. In such a case, the use of the wound- w 
type interna] electrode body 1 shown in Fig. 18 requires 
a larger space for housing the current collection tabs 5 
at both ends or one end of the case for the battery. Addi- 
tionally, since a hollow cylinder-shaped type core is gen- 
erally used for the core 6, the absolute volume to be is 
occupied by these spaces inside the case for battery 
becomes large. 

[0009] Accordingly, if an electrolyte solution is filled 
into a case for a large capacity battery by using a tech- 
nique similar to that for the above-described small 20 
capacity battery, an expensive electrolyte solution is 
used not in an economic manner. This would bring the 
increase in the production cost and the reduction in the 
energy density of the battery, as well. Furthermore, it is 
not preferable, from the viewpoints of durability, to keep 25 
it such a state that metal members other than the inter- 
nal electrode body, sealing members of the battery 
case, and the like, are always in contact with the electro- 
lyte solution since it causes often the leakage of the 
electrolyte solution, the corrosion of said members, or 30 
the like. 

[001 0] On the other hand, the electrolyte solution is 
required to fill in an amount sufficient to impregnate the 
internal electrode body properly even in the case of a 
large internal electrode body having a large battery 35 
area. And in the case where this is not fulfilled, not only 
the desired battery performance cannot be attained, but 
also the fluctuation in the performance of respective 
batteries will take place. Accordingly, in the case of a 
large capacity battery, it is preferable to impregnate the 40 
internal electrode body thoroughly in an excessive 
amount of an electrolyte solution under a reduced 
atmosphere, and thereafter the excessive electrolyte 
solution is removed. 

[001 1] Therefore, in a large capacity battery, if one 45 
wants to fill an electrolyte solution by employing a tech- 
nique similar to that for a small capacity battery, the fol- 
lowing steps would be given as an example; 

as shown in Fig. 1 7, at first a case for battery 65 so 
with one end portion 61 having been sealed is dis- 
posed in a globe box or the like with that sealed end 
61 being placed downward, 
then an electrolyte solution transferred from 
another end portion 62 of the case which is open at 55 
the upper portion with a metering pump or the like 
is injected by using a nozzle 63 or the like after 
reducing the atmosphere of the globe box in such a 



manner that the electrolyte solution is injected inter- 
mittently until the liquid surface does not go down 
so as to subject the internal electrode body to the 
impregnation treatment with the electrolyte solution 
for a predetermined period of time, 
the interior of the globe box or the like is purged 
with inert gas, 

thereafter the excessive electrolyte solution is 
drained by putting the case for battery 65 upside 
down, and 

finally the end portion 62 which has been left open 
is sealed. 

[0012] However, in the case of such a method that 
an electrolyte solution is supplied from the upper portion 
of the case for the battery, the impregnation of an elec- 
trolyte solution starts mainly from the upper portion of 
the internal electrode body under a reduced atmos- 
phere. Therefore, bubbles generated in the lower por- 
tion of the internal electrode body will hardly be 
liberated form the upper portion of the case for the bat- 
tery. Accordingly, it will require to hold the resultant for a 
long period of time under reduced atmosphere. In this 
case, if an organic solvent being highly volatile is solely 
used for an electrolyte solution, the evaporation of the 
solvent will bring a problem that the density of electro- 
lyte fluctuates from product to product. In addition, in the 
case where a highly volatile organic solvent is mixed 
with other non-volatile solvent or the like for use, the 
predominant evaporation of the volatile organic solvent 
causes the deviation in mixing ratio from product to 
product. This would bring a problem that the density of 
the electrolyte fluctuates from product to product. Any- 
how, in any one of these cases, the full extent exertion 
of the performance of electrolyte solution cannot be 
expected. 

[001 3] Moreover, in case of a large capacity battery, 
due to a big shape of the battery itself, the sealing of an 
open end of the case for the battery within the globe box 
or the like would bring various problems. That is, an 
enlargement of the globe box or the like is required 
since a sealing device should be installed within the 
globe box or the like. Furthermore, the enlargement of 
the globe box results in the decrease in the degree of 
the reduction of the interior pressure thereof the 
enlargement of the vacuum pump, and the mass con- 
sumption of purge gas or the like. Thus, it is not realistic. 
[001 4] Therefore, the present inventors have exten- 
sively studied, in particular, the simplification of a 
method for filling an electrolyte solution in the produc- 
tion of a large capacity battery. As a result, they reached 
the present invention to be described later. Moreover, 
various studies have been made at the same time so as 
to find out not only a battery structure suitable for using 
the method filling an electrolyte solution according to 
the present invention, but also a battery structure capa- 
ble of improving the battery performance and productiv- 
ity even in the case where the method for filling an 
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electrolyte solution according to the present invention is 
not used. 

[0015] One of the problems to be solved is the 
reduction in current collection resistance from the inter- 
nal electrode body and the reduction in difference in 
current collection resistance of each tab. A tab is con- 
nected directly with an external terminal of the battery, 
that is, directly with an electrode terminal to extract cur- 
rent out from the battery, or is connected with an inter- 
nal terminal thereof, that is, a terminal to which the tabs 
are intermediately connected collectively inside the bat- 
tery. Accordingly, in the case where the tabs are con- 
nected with the internal terminal, it is necessary that the 
internal terminal is made conductive to the external ter- 
minal to form a current path between the tabs and the 
external terminal. 

[001 6] As a method for forming the conductive state 
between the tabs and the external terminal, there is pro- 
posed, for example, in JP-A-9-92338, a lithium second- 
ary battery 27 in which a series of flexible leads 
(equivalent to "tabs" in meaning) 37 is sandwiched 
between the electrode terminal 38 and the hold-down 
hardware 33, with forming a warping shape as shown in 
Fig. 16; said leads 37 being welded to the electrode ter- 
minal 38 by laser beam. In this lithium secondary bat- 
tery 27, the electrode terminal 38 is attached to a cap 
(ceiling plate) 29 by using a nut 34, and the cap 29 is 
provided with not only electrolyte solution injection 
opening 32 which is to be sealed with a blank cap 30 but 
also a pressure release valve 26. 
[0017] However, in case of the lithium secondary 
battery 27 disclosed in the JP-A-9-92338, the leads 37 
may be sandwiched with the hold-down hardware 33 at 
any position of the outer periphery of the electrode ter- 
minal 38,as a corollary, the leads 37 disposed in the 
inner periphery of the internal electrode body 35 
becomes long, and, on the contrary, the leads 37 dis- 
posed in the outer periphery becomes short, in this 
case, since the quantity of current flow in each lead 37 
is different due to the difference in resistance of each 
lead 37, depending upon its length, there is a fear that 
the uniformity in the battery reaction cannot be main- 
tained when used as a battery for an EV which requires 
the frequent flow of a large current. 
[0018] In addition, since the leads 37 may be 
attached to any position of the outer periphery of the 
electrode terminals 38 with laser welding, and the struc- 
ture at the end portion of the battery is complicated and 
various parts are installed therein, as shown in Fig. 16, 
thus the work efficiency (productivity) of the battery 
assembly is considered to be not necessarily good. 
[0019] Moreover, a battery 27 disclosed in JP-A-9- 
92338 has the configuration at its both ends, as shown 
in Fig. 16. It is stated in the laid-open invention that the 
injection of electrolyte solution is carried out by injecting 
electrolyte solution from one end of the injection open- 
ing 32 for electrolyte solution, while keeping the interior 
of the battery 27 is under a reduced pressure by deaer- 



ating from the other end of the injection opening 32 for 
electrolyte solution, and this step should be repeated 
several times. However, it is not advantageous to 
assemble a battery with the repetition of such steps sev- 

5 eral times. Moreover, it is not advantageous to provide 
the both ends with the injection openings 32 for electro- 
lyte solution which eventually will be sealed since the 
leakage of the electrolyte solution and the decrease in 
air tightness are liable to occur. 

to [O020] Furthermore, the battery disclosed in JP-A- 
9-92338 has been proposed to prevent damage to leads 
37 under severe vibrations when the battery is used as 
for the battery for an EV. Therefore, it proposes to use a 
flexible material for lead 37. At the same time, it refers to 

15 the reduction in internal resistance by virtue of a broad- 
ened welded portion between the leads 37 and the elec- 
trode terminals 38 formed by laser welding, however, it 
is quite silent about the reduction in fluctuation in the 
resistance among respective leads 37. 

20 [O021 ] Another problem is how to secure the dura- 
bility against vibration during driving since the durability 
is an essential requirement in the case of a battery for 
an EV. For example, when the internal electrode body 
vibrates or moves inside the battery case, there is a fear 

25 that the electrode active materials coated on the posi- 
tive electrode and the negative electrode are peeled, 
thereby the battery capacity is reduced. Furthermore, it 
is not preferable since there is a fear that the formation 
of the short circuit between the positive electrode and 

30 the negative electrode due to the peeled electrode 
active materials. Moreover, the end surface of the inter- 
nal electrode body is apt to be deformed from an initial 
plain shape into a shape such as spiral waves or the like 
due to vibration, and such a deformation of the internal 

35 electrode becomes a cause of an unfavorable uneven 
battery reaction. 

[0022] Therefore, there is proposed, JP-A-9-92241 , 
a battery 28 having such a structure that, as shown in 
Fig. 15, an electrode pole 25 having its lower surface 

40 covered with insulator collar 39 is inserted into a hollow 
portion of a cylindrical core 31 from which an electrode 
spiral body 36 (equivalent to the internal electrode body 
1 ) is formed, and said electrode pole 25 is fixed to a cap 
29 with a nut 34. In addition, there is proposed, in JP-A- 

45 1 -1 751 76, a battery structure that an internal electrode 
body formed by inserting a bar-shaped insulating body 
into a portion formed by using a tentative core which 
was removed thereafter is housed in the battery case. 
[0023] However, in the case of the electrode spiral 

so body 36 proposed in J P-A-9-92241 , the inner periphery 
surface of the battery case 19 and the electrode pole 25 
function only as a stopper so as to suppress the move- 
ment of the electrode spiral body 36 in the diameter 
direction. However, it does not suppress the movement 

55 in the diameter direction, and it has such a structure that 
the movement in the longitudinal direction of the elec- 
trode spiral body 36 take places easily in the distance of 
the gap with the electrode pole 25. If the movement to 
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the longitudinal direction of the electrode spiral body 36 
takes place, the electrode spiral body 36 collides with 
the electrode pole 25, which would damage the leads 
37 (equivalent to tabs 5) attached on the end surfaces of 
the electrode spiral body 36. Moreover, it is considered 
that it is liable to receive such damages that the elec- 
trode active material is peeled, etc. at the end portions 
of the electrode spiral body 36. 
[0024] Furthermore, in case of the invention dis- 
closed in JP-A-1-175176, it is not formed in such a 
structure that the movement of the longitudinal direction 
of the internal electrode body is suppressed. This is 
because the internal electrode body is f ixed by pressure 
famed between a solid bar of an insulator inserted into 
the inner periphery surface of the battery case, and the 
core of the internal electrode body. Thus, no positive 
attempt has been made hitherto so as to suppress the 
movement to the longitudinal direction since much 
attention has been given to the fixation of the internal 
electrode body in the direction of diameter. 

Summary of the Invention 

[0025] The present invention has been made so as 
to solve problems of the prior art mentioned above. 
Thus, the present invention is aiming to keep at the min- 
imum level as required the amount of the excessive 
electrolyte solution to be filled inside the battery on the 
occasion of forming a comparatively large capacity bat- 
tery. Moreover, the present invention is aiming to pro- 
vide a simply operative method for filling an electrolyte 
solution, and provide a battery structure capable of 
operating said filling method easily. Furthermore, the 
present invention is aiming at to attain the improvement 
in the battery performance such as reduction in current 
collection resistance and improvement of anti-vibration 
performance. 

[0026] That is, one of the aspects of the present 
invention is directed to a method for filling an electrolyte 
solution into a lithium secondary battery comprising an 
internal electrode body formed by winding a positive 
electrode, and a negative electrode, with sandwiching a 
separator therebetween around the outer periphery of a 
core, and an electrolyte solution to impregnate said 
internal electrode, which comprises the steps of : 

inserting a tip of a nozzle for injecting said electro- 
lyte solution in such a depth that at least it reaches 
a position on an end surface of said internal elec- 
trode body located on another opposite side 
through a through hole of said core and an electro- 
lyte solution injection opening being provided in an 
extended position of said through hole on one end 
surface of the battery, or an electrolyte solution 
injection opening being integrally formed with an 
external terminal in an extended position of the 
through hole of the core on one end surface of the 
battery, 



injecting the electrolyte solution until at least the 
internal electrode body is immersed, and 
thereafter extracting an excessive electrolyte solu- 
tion remaining inside the battery outside by using a 
s nozzle for extraction of electrolyte solution. 

[0027] TTie method for filling an electrolyte solution 
of the present invention is preferably used in a battery 
where the electrolyte solution injection opening is dis- 

10 posed in the center of one end surface of the battery 
and/or the core is disposed in the center of the battery. 
In addition, one nozzle may be used as a nozzle for 
injection of electrolyte solution and a nozzle for extrac- 
tion of electrolyte solution as well, it is preferable to 

15 insert the tip of the nozzle for injection of electrolyte 
solution or that of the nozzle for extraction of electrolyte 
solution in such a manner that it reaches the other end 
of the battery to implement inject or extraction of elec- 
trolyte solution under this state. In this case, if a 

20 recessed portion is provided in the inner center of the 
other end of the battery, or if a recessed portion is pro- 
vided by forming the center portion of the other end of 
the battery in a convex shape outward, an excessive 
electrolyte solution remaining in this recessed portion is 

25 easily extracted by a nozzle for extraction of electrolyte 
solution. 

[0028] After extraction of the excessive electrolyte 
solution, the electrolyte solution injection opening is 
enclosed from outside with screwing or pressure fitting 

30 or filling with a sealing material to implement sealing of 
the battery easily. Moreover, the assembly work of the 
battery becomes preferably good, rf the electrolyte solu- 
tion is extracted and/or injected by using a pipe as a 
body member of the battery case after the battery is 

35 sealed by subjecting the both ends of the pipe to caulk- 
ing processing in order to occlude the ends of the pipe 
with the cap. The method for filling an electrolyte solu- 
tion the present invention is suitably applied to a battery 
having the battery capacity of 2 Ah or more. 

40 [0029] Now, as a first embodiment of a battery 
structure according to the present invention, there is 
provided a battery structure of a lithium secondary bat- 
tery comprising an internal electrode body formed by 
winding a positive electrode, and a negative electrode, 

45 with sandwiching a separator therebetween around the 
outer periphery of a core, and an electrolyte solution to 
impregnate said interna! electrode body; 

wherein an electrolyte solution injection opening 
is provided in an extended position of the through hole 

so of the core on one end surface of the battery, or an elec- 
trolyte solution injection opening is integrally formed 
with an external terminal in an extended position of the 
through hole of the core on one end surface of the bat- 
tery. 

55 [0030] In this first battery structure, the electrolyte 
solution injection opening is preferably disposed in the 
center of one end surface of the battery and/or the core 
is preferably disposed in the center of the battery. In 
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addition, it is preferable that the electrolyte solution 
injection opening preferably may be sealed from outside 
with screwing or pressure fitting or filling with a sealing 
material. 

[0031] In addition, as a second battery structure 
according to the present invention, there is provided a 
battery structure of a lithium secondary battery compris- 
ing an internal electrode body formed by winding a pos- 
itive electrode, and a negative electrode, with 
sandwiching a separator there-between around the 
outer periphery of a core, and an electrolyte solution to 
impregnate said internal electrode body, 

wherein the core is sandwiched between caps 
for sealing the end surfaces of the battery case, and is 
fixed. 

[0032] And in this second battery structure, insulat- 
ing materials or metal materials the surfaces of which 
are covered with insulating materials are preferably 
used as a core. 

[0033] Moreover, as a third battery structure 
according to the present invention, there is provided a 
battery structure of a lithium secondary battery compris- 
ing an internal electrode body formed by winding a pos- 
itive electrode, and a negative electrode, with 
sandwiching a separator therebetween around the 
outer periphery of a core, and an electrolyte solution to 
impregnate said internal electrode body, 

wherein insulating members are disposed at the 
both ends of the core to extend the length of the core, 
and the core as well as the insulating member are sand- 
wiched between caps to seal the end surfaces of the 
battery case, and are fixed. 

[0034] In these second and third battery structures 
where the core, and the like are sandwiched between 
caps, it is preferred to provide an electrolyte solution 
injection opening on one of the caps at the position 
extended from the hollow portion of the core or the insu- 
lating member. At this time, it is preferred that hole por- 
tions or slits are provided on the end portions of the core 
or the insulating members. It is also preferred to provide 
a recessed portion in the inner center portion of the end 
surface of a case for battery where the electrolyte solu- 
tion injection opening is not formed. It is also preferred 
to provide a recessed portion by forming a convex 
shape outwardly on the center portion of the end sur- 
face. Incidentally, such an arrangement to provide a 
recessed portion is suitably applied to the first battery 
structure, too. 

[0035] Next, as a fourth battery structure according 
to the present invention, there is also provided a battery 
structure of a lithium secondary battery comprising an 
internal electrode body formed by winding a positive 
electrode, and a negative electrode, with sandwiching a 
separator there-between around the outer periphery of 
a core, and an electrolyte solution to impregnate said 
internal electrode body, 

wherein one collective connection portion is pro- 
vided in one internal terminal to connect a plurality of 



tabs together in one place, and the collective connec- 
tion portion is positioned within an extended range in 
the axial direction of the core covering from the outer 
periphery of the core to the outer periphery of the inter- 

5 nal electrode body. 

[0036] In case of the fourth battery structure, it is 
preferred to provide one collective connection portion 
capable of connecting a plurality of tabs together in one 
place in one internal terminal; said collective connection 

10 portion being positioned within a range which is 
extended, in the axial direction of the core, from the 
outer periphery of the core to the outer periphery of the 
internal electrode body. Moreover, it is also preferred to 
form this collective connection portion in such a struc- 

75 ture that a plurality of tabs provided so as to be posi- 
tioned on an approximately straight line within a range, 
in the direction of diameter, which is extended from the 
outer periphery of the core to the outer periphery of the 
interna! electrode body are collectively connected with 

20 one internal terminal. The internal terminal is suitably 
disposed in the caps sealing the end portions of the bat- 
tery. 

[0037] . Moreover, a plurality of internal terminals is 
preferably disposed for the positive electrode and the 

25 negative electrode, respectively. And the collective con- 
nection portions of the internal terminals are preferably 
placed in the extended position in the center direction of 
diameter from the outer periphery of the core to reach 
the outer periphery of the internal electrode body. The 

30 collective connection of tabs with the internal terminal is 
preferably formed by means of welding, or caulking, or 
eyelet. The material for the internal terminal is prefera- 
bly produced from aluminum, aluminum alloy, copper or 
copper alloy. Incidentally, if the caps sealing the end 

35 portions of the battery can act as a path for electric cur- 
rent, the battery structure will not become complicated 
and is preferable. 

[0038] It is preferable to use commonly a battery 
case of which caps are employed as the end surfaces of 

40 the battery, in any of the above-mentioned first to fourth 
battery structures; said battery cases being preferably 
configured in such a manner that the caps are sand- 
wiched between the end portions of the pipe, and the 
end portions of the pipe are sealed by caulking process. 

45 In addition, between an end portion of the internal elec- 
trode body and a cap, it is preferable to provide a 
necked portion in the inner periphery portion of the pipe 
so as to suppress the movement of the internal elec- 
trode body inside the battery. The battery structure of 

so the present invention is suitably applied to a battery with 
battery capacity of 2 Ah and more, but there are no rea- 
sons to exclude application to a battery using a wound- 
type internal electrode body with a less battery capacity. 
In addition, the battery structure of the present invention 

55 can be suitably applied to a battery to be used as a 
motor driving power source for an electric vehicle or a 
hybrid electric vehicle. 
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Brief Description of the Drawings 
[0039] 

Fig. 1 is a diagram illustrating one of the embodi- s 
merits of the present method for filling an electrolyte 
solution and that of the embodiments of the present 
inventive battery structures. 
Fig. 2 is an illustrative drawing of an example of 
method for measuring the period for the impregna- 10 
tion in the electrolyte solution. 
Fig. 3 is a graph showing a relationship between 
the period of impregnation time with electrolyte 
solution and the change of alternate impedance. 
Fig. 4(a) and Fig. 4(b) are a sectional view showing is 
an embodiment of a cap of the bottom of a battery 
usable suitably for the present invention, respec- 
tively. 

Fig. 5(a), Fig. 5(b), and Fig. 5(c) are a sectional 
view showing an embodiment of electrolyte solution 20 
injection opening usable suitably for the present 
invention, respectively. 

Fig. 6 is a sectional view showing another embodi- 
ment of battery structure of the present invention. 
Fig. 7(a) and Fig. 7(b) are a plan view showing an 25 
embodiment of suitable attachment position of tabs 
of the present invention, respectively. 
Fig. 8(a) and Fig. 8(b) are a sectional view showing 
an embodiment of a place for disposing collective 
connection portion in the internal terminals in corre- 30 
spondence with the tab attachment position 
described in Fig. 7, respectively. 
Fig. 9 is a perspective view showing the structure of 
a wound-type internal electrode body usable suita- 
bly for the present invention. 35 
Fig. 10 is a sectional view showing a still another 
embodiment of the battery structure of the present 
invention. 

Fig. 1 1 is a perspective view showing an embodi- 
ment of a core usable suitably for the battery struc- 40 
ture of the present invention. 
Fig. 12 is a sectional view showing a still another 
embodiment of the battery structure of the present 
invention. 

Fig. 13 is a perspective view showing another 45 
embodiment of a core usable suitably for the bat- 
tery structure of the present invention. 
Rg. 14(a) and Fig. 14(b) are a plan view showing 
an embodiment of a pressure release valve being 
suitably disposed in the battery structure of the so 
present invention, respectively. 
Fig. 15 is a sectional view showing an example of 
the end structure in the conventional lithium sec- 
ondary battery. 

Rg. 16 is a sectional view showing another exam- 55 
pie of the end structure in the conventional lithium 
secondary battery. 

Rg. 17 is an illustrative drawing showing an exam- 



ple of the conventional method for filling electrolyte 
solution. 

Rg. 18 is a perspective view showing a general 
structure of a wound-type internal electrode body. 

Detailed Description of Preferred Embodiment 

[0040] Preferred embodiments of the present inven- 
tion will next be described with reference to the draw- 
ings, however, it goes without saying that the present 
invention is not limited to those embodiments. 
[0041 ] In case of a lithium secondary battery of the 
present invention (hereinafter referred to as a "battery") , 
as is previously explained with referring to Fig. 18, there 
is employed a wound-type internal electrode body 1 
(hereinafter referred to as an "internal electrode body 
1") which is formed by winding around the exterior cir- 
cumference of a core 6 a positive electrode 2 and a neg- 
ative electrode 3 to which tabs 5 are respectively 
attached, with sandwiching a separator 4 therebetween 
not so as to contact the positive electrode 2 and the 
negative electrode 3 directly with each other. 
[0042] The positive electrode 2 and the negative 
electrode 3 are produced, respectively by coating elec- 
trode active material (hereinafter the term "electrode 
active material" means both positive active materials 
and the negative active material) on both sides of the 
respective electrode substrates; such electrode sub- 
strates (electricity collecting body) being a foil made of 
aluminum, titanium, or the like for the positive electrode 
2, and a foil made of copper, nickel, or the like for the 
negative electrode 3. 

[0043] The positive active material to be used for 
forming the positive electrode 2 is not limitative, and a 
lithium transition metal compound oxide such as lithium 
cobalt oxide (LiCo0 2 ), lithium nickel oxide (LiNi0 2 ), lith- 
ium manganese oxide spinel (LiMn 2 0 4 ) ( or the like is 
suitably used, and it is preferable that carbon fine pow- 
der such as acetylene black, or the like is added so as 
to improve conductivity. On the other hand, as a nega- 
tive active material, an amorphous carbon material such 
as soft carbon or hard carbon, or highly graphitized car- 
bon powder such as artificial graphite is used. 
[0044] Coating of electrode active material onto 
these respective electrodes is carried out generally by 
coating, on both sides of the electrodes, a slurry or a 
paste which is prepared by adding a solvent, a binder, 
or the like to an electrode active material powder, by 
way of roll coater technique, or the like etc., and adher- 
ing the material thereon, thereby the positive electrode 
2 or the negative electrode 3 is formed. 
[0045] In addition, the tabs 5 can be attached to a 
sideline of the electrode substrate by means of ultra- 
sonic welding, or the like at the time when the positive 
electrode 2 and the negative electrode 3 are wound 
together with the separator 4. At this time, the tabs 5 are 
preferably disposed at an approximately even distance 
so as to equalize the electricity collecting area of each 
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tab. In many cases, the material of the tabs 5 is made 
the same as that for the electrode substrate to which the 
tab 5 is attached. 

[0046] A cylindrical member having a through hole 
(or internal vacant portion) 7 is preferably used as a 
core 6, and one prepared from any of various materials 
such as metals, resins, and ceramics, can be used if it 
has a sufficient mechanical strength and anti-corrosion 
resistance against an electrolyte solution to maintain 
the battery structure. 

[0047] In addition, as the separator 4, it is prefera- 
ble to use a three-layer structural material in which a 
polyethylene film (PE film) having lithium ion permeabil- 
ity and micropores is sandwiched between a porous 
polypropylene films (PP films) having lithium ion perme- 
ability. This serves also as a safety mechanism in which 
when the temperature of the internal electrode body 1 is 
raised, the PE film is softened at about 130°C so that 
the micropores are collapsed to suppress the move- 
ment of lithium ions, that is, the battery reaction. And by 
sandwiching this PE film between the PP film having a 
higher softening temperature the PP film maintains its 
shape and prevents the contact/short circuit between 
the positive electrode 2 and the negative electrode 3 
even in the case where the PE film gets softened, and 
thus concrete control of the battery reaction and reser- 
vation of safety becomes possible. 
[0048] As the electrolyte solution, it is suitable to 
use a non-aqueous organic electrolyte solution pre- 
pared by dissolving as an electrolyte at least one mem- 
ber selected from lithium fluoride complex compounds 
such as LiPF 6 , and LiBF 4 , and lithium halide such as 
LiCI0 4 , etc., into an electrolyte solution selected from 
the group consisting of carbonate type electrolyte solu- 
tions such as ethylene carbonate (EC), propylene car- 
bonate (PC), diethyl carbonate (DEC), and dimethyl 
carbonate (DMC).and organic solvents such as y-buty- 
rolactone, tetrahydrofuran, acetonitrile, and the like or a 
mixture thereof. 

[0049] The internal electrode body 1 having been 
prepared from the above-described materials, and the 
like is housed inside the battery case in such a manner 
that conductivity between the tab 5 and the external ter- 
minal of the battery is secured, and the internal elec- 
trode body 1 is impregnated in the non-aqueous 
electrolyte solution. And, thereafter, the battery case is 
tightly sealed. Incidentally, as will be described later, 
since the battery case made of a metal is suitably used, 
it is preferable that the outer periphery of the internal 
electrode body 1 is configured to be covered by the sep- 
arator 4 in advance so as to attain insulation against the 
battery case when the interna! electrode body 1 is 
inserted in the battery case. In addition, it is preferable 
that the outer periphery of the internal electrode body 1 
is fixed with an insulating tape, etc., so that the internal 
electrode body 1 is not dissolved. 
[0050] Next, an embodiment of the structure of a 
battery to be formed as described above as well as the 



diagram illustrating the method for filling an electrolyte 
solution of the present invention is shown in Fig. 1. 
Here, a pipe 23 is used as the body member of the bat- 
tery case for the battery 1 0, and those made of metals, 

5 such as aluminum, or stainless are suitably used. 
[0051] Incidentally, while it is not shown in Fig. 1 , in 
the case where the metal pipe 23 is used, it is preferable 
to dispose an insulating film or a. tube to be sandwiched 
between the internal surface of the pipe 23 and the 

10 outer periphery of the internal electrode body 1 so as to 
prevent conductivity between the internal electrode 
body 1 and the pipe 23 as well as the conductivity 
between the tab 5 and the pipe 23. Of course, as 
describe before, when the outer periphery of the inter- 

75 nal electrode body 1 is configured to be covered by the 
separator 4, the insulating film or the tube is not neces- 
sarily required to be disposed between the internal sur- 
face of the pipe 23 and the outer periphery of the 
internal electrode body 1. 

20 [0052] After the internal electrode body 1 is inserted 
into the pipe 23, a necked portion 24 is formed at a pre- 
determined position (around the end portion of the inter- 
nal electrode body 1) of the pipe 23 to suppress easily 
the movement of the internal electrode body 1 in the 

25 longitudinal direction inside the battery. In addition, with 
the tabs 5 being connected with the internal terminals 
14 respectively mounted onto the caps 21 and 22, the 
pipe 23 is subjected to caulking processing so that the 
caps 21 and 22 are used to seal the both end surfaces 

30 of the pipe 23, making use of the formed necked por- 
tions 24, thereby a battery case with the tight-sealed 
configuration can be easily formed. 
[0053] Here, the term Internal terminal" 14 means 
a member which tentatively and collectively connects 

35 the tabs 5 to extract electricity from the internal elec- 
trode body 1. Therefore, aluminum, aluminum alloy, 
copper, or copper alloy is preferably used as a material 
for the internal terminal 14. Incidentally, as the internal 
terminal 14 in the battery 10, a rivet-shaped one to 

40 which the tabs 5 are pressure-attached for connection is 
shown as an example, but there are no limitations on its 
shape. 

[0054] In addition, the caps 21 and 22 are members 
for sealing the end portions of the battery, and the same 

45 metal material as used for the internal terminal 14 such 
as aluminum or copper is suitably used, but an insulat- 
ing material such as a hard resin or a ceramic may also 
be used. Accordingly, in the case where the cap 21 is 
made of a metal material, the internal terminal 14 and 

so the external terminal 13 necessarily become conductive 
and the current path is formed. In this case, the config- 
uration of the end portions of the battery is made simple 
and improvement in terms of the battery assembly proc- 
ess is attained. On the other hand, in the case where an 

55 insulating member is used as the caps 21 and 22, the 
internal terminals 14 and the external terminals 13 may 
be electrically connected through outer periphery of the 
caps 21 and 22 or by providing conducting holes in the 
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caps 21 and 22, etc. But, in this case, such problems 
that the shapes of components will get complicated and 
result in decrease in tightness of sealing of the battery, 
etc., will be inevitably presented. 
[0055] It goes without saying that the external termi- 
nal 13 is a member to be disposed outside the battery 
10 to extract the current of the battery outward, and 
there are no limitations on kinds of materials if a metal 
material is used. In the case where the caps 21 and 22 
to be used are made of a metal, it is preferable that the 
internal terminal 14 and the external terminal 13 are 
firmly attached to the caps 21 and 22 by means of weld- 
ing, etc., so as to minimize the resistance of the con- 
necting portion of these members. 
[0056] Incidentally, in the battery 10, a male screw 
configuration is used as the one of the external termi- 
nals 1 3, and a female screw configuration is used as the 
other thereof respectively. Adopting such a configura- 
tion is advantageous to the extent that a plurality of bat- 
teries 1 0 can be connected in series easily and firmly so 
as to minimize the contact resistance. 
[0057] Incidentally, the internal electrode body 1 is 
normally disposed at the center (it means the center in 
the diameter direction) of the battery 10, and at this 
time, the core 6 of the internal electrode body 1 is nec- 
essarily disposed at the center of the battery 10. There- 
fore, in the battery 10, the electrolyte solution injection 
opening 1 1 is disposed in a position on the extended 
line of the through hole 7 of the core 6 in the cap 21 (this 
cap 21 is placed at the upper party) forming one end 
surface. In addition, the electrolyte solution injection 
opening 1 1 is integrally disposed at the center portion of 
the cap 21 with the external terminal 13. 
[0058] With the battery 10 having the above- 
described configuration, the tip of the nozzle (hereinaf- 
ter referred to as a "nozzle",) 12 to be used for the injec- 
tion and/or the extraction of the electrolyte solution may 
be inserted so as to reach the other end of the battery 
10 through the electrolyte solution injection opening 1 1 
and the through hole 7. Incidentally, it is preferable to 
use one nozzle 12 for both of injection and extraction of 
the electrolyte solution, but a nozzle for electrolyte solu- 
tion injection and a nozzle for electrolyte solution extrac- 
tion may be used separately. 
[0059] Now, the battery 10 is placed in a space 
where atmospheric adjustment is possible, such as a 
globe box, when the electrolyte solution is filled in. As 
describe above, since the both ends of the battery 10 
have already been sealed with the caps 21 and 22, it is 
not necessary to seal the end portions of the battery 10 
after the injection of the electrolyte solution is com- 
pleted. Accordingly, it is not necessary to place a 
device, etc. to implement the sealing work inside the 
globe box, etc., and thus, as the globe box, etc.. a small- 
sized one in accordance with the size of the battery 10 
may be used. 

[0060] When the air of the interior of the globe box, 
etc. is evacuated with a vacuum pump, the interior 



atmosphere of the battery 10 necessarily becomes vac- 
uum since the battery 10 is provided with the electrolyte 
solution injection opening 11. Here, it is preferable to 
make a degree of vacuum of 0.1 Torr (13.3 Pa), or less. 

s [0061] Under this state, the tip of the nozzle 12 is 
inserted through the electrolyte solution injection open- 
ing 1 1 , and next through the through hole 7 of the core 
6 to reach at shallowest the opposite other end (bottom) 
portion, in particular, the position of the end surface of 

10 the internal electrode body 1, namely the position 
shown by the broken line AA' in Fig. 1, and thereafter, 
the electrolyte solution is injected to get at least the 
internal electrode body 1 dipped, i.e., to reach the level 
shown by the broken line BB' in Fig. 1. Here, when the 

15 tip of the nozzle 1 2 is inserted to reach the deepest por- 
tion (the cap 22) in the battery 10, a splash of the elec- 
trolyte solution is suppressed, and impregnation of the 
electrolyte solution can concretely start from the end 
surface at the bottom party of the internal electrode 

20 bodyl. 

[0062] Incidentally, while impregnation of the elec- 
trolyte solution is under way, it is preferable to maintain 
a level of vacuum to such an extent that the electrolyte 
solution may not be boiled, and at this time the level of 

25 vacuum heavily depends on the property of the solvent 
consisting the electrolyte solution to be used. In addi- 
tion, the nozzle 12 may be inserted inside the battery 10 
in advance before the globe box, etc., is evacuated to 
become vacuum. A metal or a resin which is free of cor- 

30 rosion from the electrolyte solution is used as a material 
for the nozzle 12, and the nozzle 12 is connected with 
an electrolyte solution storage tank placed outside the 
globe box, etc. thorough a tube or a pipe, etc., and the 
electrolyte solution is transferred from the electrolyte 

35 solution storage tank, using a metering pump and the 
like. While it is not shown in Fig. 1, at the neck of the 
nozzle 12 or somewhere of the tube or the pipe, or the 
like, stop valves and the like are provided. 
[0063] Thus, by filling the battery 10 with the elec- 

40 trolyte solution from the lower portion, the electrolyte 
solution will impregnate the interna! electrode body 1 
from the lower portion to the upper portion, and bubbles 
released from the internal electrode body 1 can pass 
through the space where the electrolyte solution has not 

45 yet impregnated, thus, efficient impregnation of the 
electrolyte solution can become possible. Thus, the 
injection time of the electrolyte solution can be short- 
ened, in the case of which its evaporation quantity can 
be controlled to the minimum to attain degradation of 

so the electrolyte solution to be avoided even in the case 
where the electrolyte solution contains a solvent having 
a high volatility. 

[0064] Incidentally, according the above-described 
method for filling an electrolyte solution, it is difficult to 
55 observe the surface level of the electrolyte solution vis- 
ually in a conventional manner due to its tight-sealed 
configuration with an exception of the electrolyte solu- 
tion injection opening 11. Under these circumstances, 
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the total quantity to be injected of the electrolyte solu- 
tion, as explained by referring to Fig. 1 7 before, is deter- 
mined previously to the level that it corresponds to the 
lowest surface level when the internal electrode body is 
completely dipped in the electrolyte solution in the case 
where the electrolyte solution is injected into a battery 
with its upper portion being open. 
[0065] In addition, as shown in Fig. 2, the alternate 
impedance between the respective positive and nega- 
tive external terminals 13 provided for the battery 10 is 
measured using an impedance analyzer 20 and the like, 
thus completion of impregnation of the electrolyte solu- 
tion can be judged. But, in this case, a solvent consist- 
ing of only organic solvents without containing 
electrolyte is used as an electrolyte solution. Using such 
a solvent deprives an electrolyte from affecting the alter- 
nate impedance, and the alternate impedance will 
directly reflect the impregnation area of the solvent. 
[0066] Fig. 3 shows an example of the results in 
which a relationship between the electrolyte solution 
impregnation time period and the change in alternate 
impedance has been checked, in the frequency of 100 
Hz, in the respective cases of the electrolyte solution fill- 
ing method from the lower portion of the internal elec- 
trode body according to the present invention and the 
conventional electrolyte solution filling method from the 
upper portion as shown in Fig. 17. Here, the electrolyte 
solution impregnation time period denotes a period of 
time to hold the vacuum atmosphere after commence- 
ment of injection of the electrolyte solution under vac- 
uum atmosphere. 

[0067] It is confirmed by Fig. 3 that, according to a 
conventional electrolyte solution filling method, approxi- 
mately two hours of the electrolyte solution impregna- 
tion time period were required by the time when the 
alternate impedance dropped to a certain constant 
value, while, according to the present invention, the 
equivalent impregnation processing could be imple- 
mented in about 30 minutes and the cut in time for pro- 
ducing the battery can be attained. Furthermore, the 
property of the electrolyte solution can be secured. Inci- 
dentally, the internal electrode body used in this test 
was produced by winding the positive electrode sub- 
strate having the width of 200 mm and the Length of 
3600 mm, and the negative electrode substrate having 
the width of 200 mm and the length of 4000 mm, and it 
was housed in a battery case having an internal diame- 
ter of 48 mm 0. In addition, as a solvent, a mixture of 
EC and DEC in an equal quantity was used. 
[0068] Next, after the impregnation process of the 
electrolyte solution is completed, the air in the interior of 
the globe box, etc., is purged with an inert gas such as 
nitrogen or argon, and thereafter, excessive electrolyte 
solution remaining inside the battery 1 0 is extracted out- 
side by using the nozzle 12. At this time, for the purpose 
of extracting as much as possible the excessive electro- 
lyte solution which has filled inside the through hole 7 or 
the disposition spaces of the tabs 5, etc., the tip of the 



nozzle 12 is preferably inserted so as to reach the bot- 
tom portion inside the battery 10. 
[0069] Here, as shown in the sectional view of Fig. 
4(a), with a recessed portion 8 being provided at the 

s inner center of the cap 22 forming the bottom of the bat- 
tery 10, the electrolyte solution will flow into this 
recessed portion 8, and thus, the remaining excessive 
electrolyte solution will be able to be extracted to a fur- 
ther extent. Incidentally, as shown in the sectional view 

10 of Fig. 4(b), the recessed portion 8 may be formed by 
inflating the cap 22 so as to protrude outward around its 
center portion. 

[0070] Incidentally, when the battery is miniatur- 
ized, a case in a shape of cylinder having a bottom is 

75 used as a battery case so that insertion of the interna! 
electrode body therein and assembly of the battery will 
become easy. In this case, a recessed portion can be 
provided in the bottom portion of the cylinder-shaped 
case having a bottom in the first stage. 

20 [0071] After the excessive electrolyte solution has 
been extracted, the electrolyte solution injection open- 
ing 11 in the globe box, etc., is sealed. If this sealing 
work can be done with a simple and convenient method, 
a small-sized globe box corresponding to the size of the 

25 battery 10 can be used as a globe box, etc. In addition 
to that, a device to seal the end portion of the battery 1 0 
is not required to be disposed in the globe box, reduc- 
tion in facility costs and reduction in quantity of purge 
gas for use can be attained. 

30 [0072]' Here, the electrolyte solution injection open- 
ing 1 1 is preferably capable of being blocked with a sim- 
ple and a convenient sealing method such as use of 
setscrew from outside or pressure fitting or use of filling- 
in sealing material. The screwing can easily be carried 

35- out, as shown in the sectional view of Fig. 5(a), by form- 
ing the electrolyte solution injection opening 11 in the 
shape of a screw, and setting a screw 16 having a com- 
plementary shape thereto for fixing. If the electrolyte 
solution injection opening 1 1 should be formed in a thin 

40 cap 21, as shown in the sectional view of Fig. 5(b), a 
screw processing portion 17 where screw is formed 
may be provided on one or both surface(s) of the cap 21 
to set with a screw 16 in a complementary shape. In 
addition, pressure fitting may be performed by fitting a 

45 plug under pressure, into an electrolyte solution injec- 
tion opening 11 having a slight inclination in such a 
manner that its diameter becomes gradually smaller as 
goes inside the battery, a metal component 18, etc. 
which is fitted in with the shape of said opening, as 

so shown in the sectional view of Fig. 5(c). 

[0073] Moreover, one may seal the electrolyte solu- 
tion injection opening 1 1 byf flling sealing materials such 
as resin. In the case where the open area of the electro- 
lyte solution injection opening 1 1 is small, the electrolyte 

55 solution injection opening 1 1 can also be sealed with a 
metal wax fused by partial heating. These various meth- 
ods can of course be used to seal the electrolyte solu- 
tion injection opening 11 integrally formed with the 
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external terminal 13 shown in Fig. 1. 
[0074] Now, when the electrolyte solution injection 
opening 1 1 is thus sealed, the battery is completed, but, 
here as for the use of the formed battery, a considera- 
tion is given to the one to drive the motor of such as an 5 
EV or an HEV, etc. In this case, a voltage such as 100 V 
to 200 V is required to drive a motor, thus a plurality of 
batteries is required to be connected in series. Under 
these circumstances, it is preferable to install external 
terminals 13 of the positive electrode and the negative 
electrode on the caps 21 and 22 located at the both 
ends of the battery 10 in such a manner that these 
external terminals 13 are positioned at the center of the 
caps 21 and 22, as a battery structure of the battery 10 
shown in Fig. 1, thereby the batteries 10 may be easily 
connected in series each other. 
[0075] Fig. 6 shows a sectional view of another 
embodiment of the battery structure according to the 
present invention. In this case, the electrolyte solution 
injection opening 11 is formed in the center of the cap 
21 forming one end surface of the battery 10, and a 
pole-shaped external terminal 15 is disposed in the cap 
21 in such a position that the electrolyte solution injec- 
tion opening 11 is not obstructed thereby. Like this, 
there are no limitations on the position of disposition of 
the external terminals and their shapes, and consider- 
ing the purpose and the space for mounting the battery, 
etc., any suitable shape may be designed. 
[0076] So far the method for filling an electrolyte 
solution according to the present invention has been 
explained, but it goes without saying that the present 
invention is not limited to the above-described embodi- 
ments. For example, a core having section of practically 
circular shape is used in the above-mentioned embodi- 
ments. However, it is also possible to use a core having 
a section of ellipse-like shape or an ellipse shape, etc. 
In the battery case housing the thus obtained internal 
electrode body having section of practically ellipse-like 
shape or an ellipse shape, etc., it goes without saying 
that the electrolyte solution injection opening can be dis- 
posed in a position on the extended line of the through 
hole of the core. In other words, the present invention is 
not applied only to cylindrical batteries, but also to all 
the other batteries using cores having through holes. 
[0077] Next, to be explained is a battery structure of 
the present invention having the battery structure to 
make the above-described electrolyte solution filling 
method easy as well as contributing to improvement of 
battery performance even in the case where a single 
battery is adopted. 

[0078] If one pays an attention to the interior of the 
aforementioned battery 10, the internal terminals 14 
and the tabs 5 connected to the internal terminals 14 as 
well are preferably installed, as shown in Fig. 1, in a 
remote position from the regions located along the com- 
mon line extended from the core 6 in the axial direction 
(in the longitudinal direction) of the core 6, namely, the 
region 98 which covers from the electrolyte solution 



injection opening 1 1 to the upper end of the core 6 and 
the region 99 which covers from the lower end of the 
core 6 to the cap 22 at the bottom party of the battery 
10. 

[0079] Since it is necessary to take in and out the 
nozzle 12 through the electrolyte solution injection 
opening 11, as describe above, it is preferred that the 
internal terminals 14 and the tabs 5 are disposed so as 
not to hinder the take-in and -out of this nozzle 12. Inci- 
dentally, according to such reasons, the regions 98 and 
99 may be a region within an extended line from the 
through hole 7 in its axial direction in a strict sense, but 
there are no problems in taking the regions 98 and 99 to 
a broad extent as described above. 
[0080] In addition, the interna! terminals 14 are not 
disposed respectively at each one site in the caps 21 
and 22 as shown in the battery 10 in Fig. 1 , but may be 
disposed at two sites in one cap 21, and moreover, 
three or more may be disposed. Moreover, the following 
is to explain the battery structure that has been contem- 
plated with attention having been paid to the positions to 
dispose such interna! terminals. 
[0081] Fig. 7 is a plan view looking at the core 6 
from the axial direction (the longitudinal direction) which 
shows an embodiment of the suitable mounting sites 9 
of the tabs 5 in the internal electrode body 1 . As is afore- 
mentioned, the tabs 5 are preferably disposed at an 
approximate equal distance so that each tab 5 may col- 
lect electricity from a constant area, but here further, as 
shown in Figs. 7(a) and 7(b). The attachment sites 9 of 
the tabs 5 are positioned in an approximately straight 
line X in the direction of diameter from the outer circum- 
ference of the core 6 to the outer circumference of the 
internal electrode body 1, thereby the improvement in 
implementation efficiency in the case where the tabs 5 
are collectively connected with the internal terminals 14 
is attained. Thus, it is preferable. 
[0082] In this case, as described later, in relation to 
the positions of the collective connection portion of the 
internal terminals, the tabs with minimum necessary 
length can reduce the resistance of the tabs them- 
selves. Incidentally, the attachment positions 9 of the 
tabs 5 should be not necessarily on the straight line X. 
That is, the tabs 5 may be attached at any position apart 
from the straight line X toward the straight line Y which 
crosses at the right angle with the straight line X on the 
end surface of the internal electrode body 1, as far as 
they may be positioned within such a range that the col- 
lective connection of the tabs 5 is not hampered. 
[0083] Next, Fig. 8 is a sectional view looking at one 
embodiment of the attachment position of the internal 
terminals 14 from the direction of the straight line Y 
crossing with the straight line X at the right angle 
wherein the tabs 5 are attached as shown in Fig. 7. And, 
Fig. 8(a) corresponds to Fig. 7(a) and Fig. 8(b) to Fig. 
7(b), respectively. At least one interna! terminals 1 4 col- 
lectively connected with the tabs 5 are disposed on one 
surface of the cap 21 which is a member for forming the 
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end surface of the battery, so that its collective connec- 
tion portions 44 are placed in the position which is an 
outward-extended range from the outer circumference 
of the core 6 to the outer circumference of the internal 
electrode body 1 in the axial direction of the core 6, i.e. 
within the range D. In the present invention, those with 
one collective connection portion 44 being disposed to 
connect a plurality of tabs 5 at one site together in one 
internal terminal 14 are suitably used. Incidentally, the 
outer terminal 1 5 is disposed on the other surface of the 
cap 21. 

[0084] Now, it is preferred to form the tabs 5 in the 
same shape from the point of view of producing the bat- 
tery at the time when the internal electrode body 1 is 
formed. In addition, this uniform shape is also preferable 
since the current can be expected to flow easily and 
evenly since the fluctuation in the resistance of the tabs 
5 does not occur and the battery reaction takes place 
evenly Therefore, in case of the present invention, if the 
internal terminal 14 is disposed especially in the center 
portion even within the range D; in other words, if the 
collective connection portions 44 are placed within an 
outwardly-extended position of the central portion in the 
direction of diameter from the outer periphery of the 
core 6 to the outer periphery of the internal electrode 
body 1 , it is preferred that the resistance is reduced, 
when compared with the case where the collective con- 
nection portions 44 are disposed in the center portion or 
outer periphery portions: for the absolute length of the 
tabs 5 is shortened in the above-mentioned case. 
[0085] in the case where all the tabs 5 are made in 
the same shape so as to cope with those problems dur- 
ing battery assembly, the length thereof is determined in 
such a manner that, by taking, as a standard, the length 
of the tab attached to the most remote site from the col- 
lective connection portion 44, a little allowance is given 
to the length in an extent that the battery assembly is 
not obstructed due to the relatively limited length. Even 
in this case, if the collective connection portion is placed 
within the range D, as is done in the present invention, 
there is still an advantage that this standard length of 
tab may be short, compared with the case where the 
collective connection portion 44 is not within the range 
D. Thus, short and low-resistant tabs become available. 
[0086] From the foregoing, in case of the present 
invention, the shape of the internal terminal 14 does not 
matter, and connection points between the internal ter- 
minal 14 and the cap 21 can be changed variously 
according to the shape of the internal terminal 1 4. How- 
ever, in case of the present invention, it is important that 
the collective connection portion 44 being the part to 
collectively connect the tabs 5 with the internal terminal 
14 is disposed within the range D. incidentally, an inter- 
nal terminal 14 in a simple shape is preferably used 
considering the costs of internal terminals 14 them- 
selves and their easy attachment onto the cap 21 , etc. 
[0087] Incidentally, according to the present inven- 
tion, a plurality of internal terminals 14 is disposed so as 



to reduce easily the current collection resistance from 
the internal electrode body 1. For example, in Rg. 7(b), 
it is possible to design that the attachment sites 9 of the 
tabs 5 are disposed not only on the straight line X but 
s also on the straight line Y, thereby the installment of four 
internal terminals 14 becomes possible with a great 
easiness. 

[0088] The tabs 5 are collectively connected with 
the internal terminals 1 4 with welding or caulking or eye- 
10 let so as to preferably enable to suppress the fluctuation 
of contact resistance in the collective connection por- 
tions 44. Since aluminum and copper are apt to form 
oxide films on their surfaces, there are cases where 
these oxide films give rise to large difference in contact 
is resistance between each tab 5 and the internal terminal 
1 4 if these materials are used in these tabs 5 and inter- 
nal terminals 14. Therefore, when the tabs 5 are collec- 
tively connected with the internal terminal 14 with 
caulking or eyelet, the implementation preferably under- 
go goes by applying pressure sufficiently high so as to 
destroy the oxide film, without giving no damage onto 
the tabs 5. 

[0089] Next, the battery structure will be explained, 
by giving a stress onto the core. 

25 [O090] In the case of the internal electrode body 1 
used in the battery 10 shown in the above-described 
Fig. .1, the length of the core 6 is set approximately 
equal to the width of the positive electrode 2, and the 
like. In the structure of the present battery, the move- 

30 ment of the internal electrode body 1 within the inside of 
the battery case is suppressed by the necked portions 
24 formed in the pipe 23. However, it is considered to be 
preferred that the improvement in the anti-vibration 
property is further strengthened by the fixation of the 

35 internal electrode body 1. At this time, of course, it is 
necessary to give consideration so that the method for 
filling an electrolyte solution according to the present 
invention can be easily carried out. 
[0091] Thus, in case of the present invention, it is 

40 preferred to employ an internal electrode body 40 hav- 
ing a core 41 which is protruded long from the end sur- 
faces of the positive electrode 2 and the negative 
electrode 3 in the axial direction, as shown in the per- 
spective view in Fig. 9, compared with the internal elec- 

45 trode body 1 previously shown in Fig. 18. incidentally, in 
Fig. 9, the number 4 stands for an separator, the 
number 5A stands for the tabs attached to the positive 
electrode 2 (positive tabs 5A), and the number 5A 
stands for the tabs attached to the negative electrode 3 

so (negative tabs 5B), respectively for the clarification pur- 
pose. 

[0092] Fig. 10 is a sectional view showing one 
embodiment of the battery structure using such an inter- 
nal electrode body 40. For assembling battery 50, at 
55 first, the tabs 5A for the positive electrode as well as the 
tabs 5B for the negative electrode being attached to the 
both ends of the internal electrode body 40 are con- 
nected with the internal terminals 74A and 74B, respec- 
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tively. 

[0093] It is preferred that the internal terminals 74A 
and 74B are respectively attached to the caps 71 A and 
71 B in advance, and that, at the same time, the external 
terminals 73A and 73B are preferably attached to s 
another surface of the caps 71 A and 71 B where the 
internal terminals 74A and 74B are respectively dis- 
posed. Note that there will be nothing wrong with collec- 
tive connection of the tabs 5A and 5B due to the 
employment of such a configuration as mentioned 10 
above. 

[0094] Incidentally, as aforementioned, the internal 
terminals 74A and 74B are attached to the caps 71 A 
and 71 B so that their collective connection portions are 
placed within an outwardly-extended range in the axial is 
direction of the core 41 from the outer circumference of 
the core 41 to the outer circumference of the internal 
electrode body 40. Thus, compared with the case where 
the tabs 5A and 5B are attached to the outer circumfer- 
ence portions of the caps 71 A and 71 B, over all length 20 
of the tabs 5A and 5B can be shortened to reduce 
resistance and thus can give rise to improvement in the 
performance of the battery. 

[0095] The internal electrode body 40 to which the 
caps 71 A and 71 B, etc. are attached is Inserted inside 25 
the cylindrical-shaped battery case (pipe) 72. In the 
inner periphery of the battery case 72, an insulating film 
79 is disposed to secure insulation against the internal 
electrode body 40. But, in the case where the entire 
outer periphery of the internal electrode body 40 is cov- 30 
ered with the separator 4, the insulating film 79 is not 
necessarily required in the portion of the outer periph- 
ery of the internal electrode body 40. 
[0096] Here, for the purpose of suppressing move- 
ment of the internal electrode body 40 in the direction of 35 
diameter, the clearance between the outer periphery of 
the internal electrode body 40 and the inner surface of 
the battery case 72 is preferably small to an extent that 
it is not difficult to insert the internal electrode body 40 
into the pipe 23, and further preferably, after the comple- <o 
tion of assembling the battery, the internal electrode 
body 40 is preferably designed so as to receive com- 
pression stress from the battery case 72. 
[0097] Then, the battery case 72 is subjected to 
processing for forming a necked portion, while the inter- 45 
nal electrode body 40 is inserted into the battery case 
72, to form the necked portions 81 which is protruded to 
the inner periphery party, at the vicinity of the end sur- 
faces of the interna] electrode body 40 and between the 
caps 71 A and 71 B, taking the length of tabs 5 and the so 
core 41 into consideration. The forming locations of the 
necked portion 81 not only suppress the movement of 
the internal electrode body 40 but also play a role to 
determine the fixing positions of the caps 71 A and 71 B. 
[0098] The end portions of the battery case 72 is 55 
subjected to the caulking processing by utilizing the 
formed neck portion 81, with inserting the sealing mate- 
rial 82 between the caps 71 A and 71 B and the battery 



case 72, respectively. Thus, the battery case 72 is 
sealed at its both ends, and the core 41 is fixed in a 
state that it is sandwiched between the caps 71 A and 
71 B. The core 41 may be fixed, depending only on the 
pressure simply given by the caps 71A and 71B, how- 
ever, it is preferred that the core 41 is held to fix by virtue 
of a plurality of grooves, protrusions or the like is prefer- 
ably formed in the caps 71 A and 71 B in such a form that 
it is a complementary one with the shapes of the end 
portions of the core 41 after assembling the core and 
the caps into one in a right way by using a locating 
means mentioned above. 

[0099] Thus, the movement of the internal electrode 
body 40 in the axial direction of the core 41 will be sup- 
pressed by the thus formed core 41 . Moreover, as afore- 
mentioned, the movement of the internal electrode body 
40 in the longitudinal direction of the core 41 is also sup- 
pressed by the necked portion 81 in a supplementary 
fashion, and its movement in the direction of diameter is 
suppressed by the battery case 72 and the insulating 
film 79. Therefore, compared with the conventional bat- 
teries, movements of the internal electrode body 40 
within the case in the longitudinal direction and the 
direction of diameter are suppressed extremely well, 
which results in a remarkable improvement in anti-vibra- 
tion performance. As a consequence, peeling of the 
electrode active materials is suppressed, and the stress 
which has been applied to the tabs 5A and 5B due to 
vibration, etc. of the internal electrode body 40 is advan- 
tageously reduced and the like, thus the long durability 
of the battery will be attained. 
[0100] Incidentally, for the sealing material 82, a 
polymer material having a superior anti-corrosion prop- 
erty against electrolyte solutions, and good sealing per- 
formance capable of preventing leakage of electrolyte 
solutions by processing with caulking may be used. The 
polymer material includes polyethylene, polypropylene, 
ethylene-propylene-elastomer, styrene-type elastomer, 
olefin-type elastomer, ethylene-propylene rubber, butyl 
rubber, styrene-butadiene rubber, and fluororubber. 
[0101] Now, as aforementioned, metal materials 
are suitably used for the caps 71 A and 71 B, and since 
the core 41 contacts the caps 71 A and 71 B, as the core 
41 , those made of insulating materials, or those coated 
with insulating materials on the surface of the metal 
materials are suitably used. Particularly, as an insulat- 
ing material, a resin such as polypropylene and a phe- 
nolic resin such as bakeiite(a registered trademark), or 
the like, and a ceramic such as alumina, or the like may 
be illustrated. In addition, as a metal material, alumi- 
num, copper, stainless, or the like may be illustrated. As 
a method for coating an insulator, those methods such 
as fixation of f luororesin, or film formation by a thermal 
shrinkage contraction film, and the like can be illus- 
trated. In this respect, strictly speaking, the core 41 may 
be any material as far as such a material has at least the 
end surface made of an insulating material. As a conse- 
quence, the positive electrode 2 and the negative elec- 
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trode 3 are wound around outer periphery of the core 41 
so as to be insulated against the core 41 . 
[0102] The aforementioned method for filling an 
electrolyte solution of the present invention may be 
applied to the battery 50 if hollow cylinder-shaped core 
is used as the core 41 , and the electrolyte solution injec- 
tion opening 77 is provided on either one of the caps 
71A and 71B (the cap 71A in Fig. 10) in the outwardly- 
extended position of the hollow portion of the core 41 at 
the time of sealing the both ends of the battery case 72. 
[0103] In this case, it is necessary to arrange the 
electrolyte solution to flow outside of the core 41 from 
the hollow portion of the core 41, and to make the 
removal of gas at the time of injection of electrolyte solu- 
tion. Fig. 1 1 is a perspective view showing a suitable 
embodiment of the core 41. Note that it is preferred to 
form holes 42, slits 43, or the like at the end portion of 
the core 41. 

[0104] The battery case 72 both ends of which are 
sealed is placed in a reduced atmosphere, and through 
the electrolyte solution injection opening 77, the tip of 
the nozzle for electrolyte solution injection is inserted 
until it reaches around the opposite end surface (the 
lower portion of the battery 50), and a predetermined 
quantity of electrolyte solution is injected and the 
impregnation process is carried out adequately. And 
after the interior atmosphere thereof is replaced by an 
inert gas, the nozzle for electrolyte solution injection is 
used as the nozzle for extraction to extract unnecessary 
electrolyte solution remaining in the lower portion of the 
battery 50 and the hollow portion of the core 41 . Finally, 
under the inert atmosphere, the electrolyte solution 
injection opening 77 is sealed by using a screw or the 
like to complete the assembly of the battery 50. 
[0105] Next, a sectional view showing another 
embodiment of the battery according to the present 
invention is shown in Fig. 12. In case of the battery 60 
shown in Fig. 12, there is used, as the internal electrode 
body, a conventional-type internal electrode body 1, 
shown in Fig. 18, which comprises the core 6 having a 
length of being almost equal to that of the positive elec- 
trode 2, or that of the negative electrode 3, and having a 
positively protruded portion; and the insulating mem- 
bers 75 which is disposed so as to extend the length of 
the core 6 at the both ends, that is, the one wherein the 
insulating members 75 are used, and at the both ends 
of the core 6. And, the core 6 as well as the insulating 
members 75 are configured to be sandwiched between 
the caps 71 A and 71 B which are used to seal the end 
surface of the battery case 72 and be fixed. 
[0106] Here, as a method to dispose insulating 
materials 75 at the both ends of the core 6, the following 
method will be given as an illustrative example: 
[01 07] An insulating members 75 with portions hav- 
ing different thickness in the outer diameters formed by 
changing the thickness of the members is inserted, as 
shown in Fig. 12, to the hollow portions of the core 6, 
from the side of the portions with shorter outer diame- 



ter; or the core 6 with concave-convex portions 76 at the 
end portions is used, and the insulating members 75 
having the end shapes to engage with these concave- 
convex portions 76 is inserted thereto as shown in Fig. 
s 1 3. Incidentally, as the insulating member 75, an insu- 
lating resin such as polypropylene and a phenolic resin 
such as bakelite(a registered trademark), and the like, 
and ceramics such as alumina, and the like are prefera- 
bly used. 

10 [01 08] Thus, the internal electrode body 1 which 
has the core 6 extended with the insulating members 75 
enables to form the battery 60 using the forming method 
similar to that in the case of the aforementioned battery 
50. That is, the aforementioned method for filling elec- 

15 trolyte solution according to the present invention may 
be suitably used by providing the electrolyte solution 
injection opening 77 at the outwardly-extended position 
of the hollow portions of the core 6 and the insulating 
member 75 on one cap, for example, the cap 71 A, as far 

20 as the core 6 and the insulating member 75 are hollow 
cylinder-shaped as shown in Fig. 13. In this case, hole 
portions or slits similar to the hole portions 42 or slits 43 
shown in Fig. 1 1 are preferably provided in the insulat- 
ing members 75 as shown in Fig. 13, in particular, the 

25 end parties contacting the caps 71 A and 71 B of the 
insulating members 75. 

[0109] So far the battery structure of the present 
invention is explained. Incidentally, a battery is usually 
provided with a pressure release valve at the end por- 

30 tion of the battery as a safety mechanism for preventing 
accidents such as a burst of the battery caused from the 
rise of a battery's internal pressure due to evaporation 
of electrolyte solution in the case where the battery tem- 
perature rises by over-charging or over-discharging. 

35 [01 1 0] It goes without saying that the battery struc- 
ture of the present invention will not exert any bad influ- 
ence upon disposition of such a pressure release valve 
including the above-described battery 10. For example, 
Figs. 14(a) and 14(b) are plan views of the end surface 

40 of the battery 50 from the longitudinal direction of the 
battery 50. That is, as shown in Fig. 14 (a), if a groove 
85 which is thin in the thickness is formed on the cap 
71 A, and the external terminal 73 A and the internal ter- 
minal 74A are provided on a position located within the 

45 inside of the groove 85, the groove 85 will function as a 
pressure release valve. This is because the groove 85 is 
tore to act as a pressure release means since the 
groove is weakened in the mechanical strength when 
the internal pressure of the battery rises, thereby the 

so internal pressure of the battery is released to the atmos- 
pheric pressure. 

[0111] In addition, as shown in Fig. 14(b), a metal 
foil 83 only bursts and the internal pressure of the bat- 
tery will be released to the atmospheric pressure when 
55 the internal pressure of the battery rises; this is 
because, if a hole portion 86 is provided in a portion of 
the cap 71 A and a metal foil 83 is attached thereto with 
welding, bonding, or the like so as to seal this hole por- 
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tion, the metal foil 83 will function as a pressure release 
valve. 

[01 12] So far, the present inventive method for filling 
an electrolyte solution and the present inventive battery 
structure as well are explained, and the present inven- 
tion is suitably applied to the assembly of batteries hav- 
ing a comparatively large capacity of, in particular, 2 Ah 
or more. But, it goes without saying that the present 
invention can also be applied to batteries having a 
capacity smaller than the battery mentioned above, 
using wound-type internal electrode body, in addition, 
the battery according to the present invention can be 
suitably used as a motor-driving power source for an 
EV, an HEV, or the like. This is because it has a simple 
battery structure to assemble it easily, and moreover, 
the reduction in weight is attained due to a limited 
number of parts. Furthermore, it is featured with supe- 
rior anti-vibration performance. 
[0113] As described above, according to the 
method for filling an electrolyte solution of the lithium 
secondary battery of the present invention, the electro- 
lyte solution can be injected simply. Thus, there can be 
brought remarkable effects such as the reduction in the 
production cost, the stability in the performance of the 
electrolyte solution and consequently stability of the 
performance of the battery. In addition, excessive elec- 
trolyte solution can be extracted and be reused, which 
will make production cost cut attainable. Moreover, the 
quantity of excessive electrolyte solution remaining 
inside the battery can be minimized, thus leakage of the 
electrolyte solution, and corrosion, due to electrolyte 
solution, of various components disposed inside the 
battery will become preventable. Since it is not neces- 
. sary to seal the end surfaces of the battery case under 
inert atmosphere after the completion of filling the elec- 
trolyte solution, the reduction in facility costs due to min- 
iaturization of the globe box, and the like, and the 
reduction of the consumption of in inert gas may be 
attained, thereby the process for assembly of the bat- 
tery is simplified. 

[0114] Moreover, since the internal electrode body 
is fixed firmly inside the battery according to the battery 
structure of the lithium secondary battery of the present 
invention, the movement or deformation of the internal 
electrode body due to vibration hardly takes place and 
excellent anti-vibration performance can be obtained, 
remarkably contributing to the improvement in the relia- 
bility and the long durability of the battery life. Further- 
more, since the position for disposing the internal 
terminal is optimized, the resistance of the tabs itself is 
reduced, and the fluctuation of the resistance among 
tabs can be reduced to a smaller level, there are 
attained remarkable effects such as the homogeneity of 
the battery reaction, the long durability of the battery life, 
and the easy discharge of a large current. In addition, 
there is an advantage that a plurality of internal termi- 
nals is easily disposed, and the current collection resist- 
ance from the internal electrode body may easily be 



reduced. 

[01 1 5] Since parts for the lithium secondary battery 
of the present invention are limitative, and the shape of 
each part is not so complicated, the assembly of the 
5 battery is easy, and the reduction of the battery weight 
is attained. Thus, there is an advantageous effect that 
batteries with high energy density can be fabricated for 
a low cost. 

[0116] Provided are a method for filling an electro- 
10 lyte solution and a battery structure of a lithium second- 
ary battery comprising an internal electrode body 
formed by winding a positive electrode, and a negative 
electrode, with sandwiching a separator therebetween 
around the outer periphery of a core, and an electrolyte 
15 solution to impregnate said internal electrode body; said 
method being excellent in the productivity, and battery 
performance as well, and being characterized by an 
easy filling of an electrode solution; with minimization of 
excessive electrode solution in the battery, by virtue of 
20 the provision of an electrolyte solution injection opening 
in a specific position, through which the electrolyte solu- 
tion is injected and extracting efficiently by using a noz- 
zle for injection and/or extraction of electrolyte solution. 

25 Claims 

1 . A method for filling an electrolyte solution for a lith- 
ium secondary battery comprising an internal elec- 
trode body formed by winding a positive electrode, 
30 and a negative electrode, with sandwiching a sepa- 
rator therebetween around the outer periphery of a 
core, and an electrolyte solution to impregnate said 
internal electrode, which comprises the steps of : 

35 inserting a tip of a nozzle for injecting said elec- 

trolyte solution in such a depth that at least it 
reaches a position on an end surface of said 
internal electrode body located on another 
opposite side through a through hole of said 

40 core and an electrolyte solution injection open- 

ing being provided in an extended position of 
said through hole on one end surface of the 
battery, or an electrolyte solution injection 
opening being integrally formed with an exter- 

45 nal terminal in an extended position of the 

through hole of the core on one end surface of 
the battery, 

injecting the electrolyte solution until at least 
the internal electrode body is immersed, and 
50 thereafter extracting an excessive electrolyte 

solution remaining inside the battery outside by 
using a nozzle for extraction of electrolyte solu- 
tion. 

55 2. The method for filling an electrolyte solution for a 
lithium secondary battery according to claim 1, 
wherein said method is applied to a battery in which 
an electrolyte solution injection opening is disposed 
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in the center of one end surface of the battery 
and/or said core is disposed in the center of the bat- 
tery. 

3. The method for filling an electrolyte solution for a s 
lithium secondary battery according to claim 1 or 2, 
wherein one nozzle is used not only as said nozzle 
for injection of electrolyte solution, but also for 
extraction of electrolyte solution. 

10 

4. The method for filling an electrolyte solution for a 
lithium secondary battery according to claim 1, 
wherein the tip of said nozzle for injection of electro- 
lyte solution or said nozzle for extraction of electro- 
lyte solution is inserted until it reaches the other 15 
end of the battery to implement injection or extrac- 
tion of said electrolyte solution. 

5. The method for filling an electrolyte solution for a 
lithium secondary battery according to claim 4, 20 
wherein a recessed portion is provided in the inner 
center of the other end of a case for battery, or the 
center portion of the other end of a case for battery 

is formed in a convex shape outward so as to form 
a recessed portion therefrom, and the excessive 25 
electrolyte solution remaining in said recessed por- 
tion is extracted with said nozzle for extraction of 
electrolyte solution. 

6. The method for filling an electrolyte solution for a 30 
lithium secondary battery according to claim 1 or 2, 
wherein after extraction of said excessive electro- 
lyte solution, said electrolyte solution injection 
opening is sealed from outside with screwing, pres- 
sure fitting or filling with a sealing material. 35 

7. The method for filling an electrolyte solution for a 
lithium secondary battery according to claim 5, 
wherein a pipe is used as a body member of a case 

for battery, and both end portions of said pipe are 40 
subjected to caulking process so as to seal the 
case for battery, and then injection/extraction of the 
electrolyte solution is carried out. 

8. The method for filling an electrolyte solution for a 45 
lithium secondary battery according to claim 1, 
wherein a battery is one having a capacity of 2 Ah 

or more. 

9. A battery structure of a lithium secondary battery so 
comprising an internal electrode body formed by 
winding a positive electrode, and a negative elec- 
trode, with sandwiching a separator therebetween 
around the outer periphery of a core, and an elec- 
trolyte solution to impregnate said internal elec- 55 
trode body; 

wherein an electrolyte solution injection 
opening is provided in an extended position of 



through holes of the core on one end surface of a 
case for battery, or an electrolyte solution injection 
. opening is integrally formed with an external termi- 
nal in an extended position of said through hole of 
the core on one end surface of a case for battery. 

1 0. The battery structure of a lithium secondary battery 
according to claim 9, wherein said electrolyte solu- 
tion injection opening is disposed in the center of 
one end surface of the case for battery. 

1 1. The battery structure of a lithium secondary battery 
according to claim 9 or 10, wherein said electrolyte 
solution injection opening is from outside with 
screwing, pressure fitting or filling with a sealing 
material. 

1 2. The battery structure of a lithium secondary battery 
comprising an internal electrode body formed by 
winding a positive electrode, and a negative elec- 
trode, with sandwiching a separator there-between 
around the outer periphery of a core, and an elec- 
trolyte solution to impregnate said internal elec- 
trode body, 

wherein the core is sandwiched to be fixed 
between caps for sealing the end surfaces of bat- 
tery case. 

1 3. The battery structure of a lithium secondary battery 
according to claim 12, wherein said core is made of 
an insulating material or a metal of which surfaces 
are coated with an insulating material. 

14. A battery structure of a lithium secondary battery 
comprising an internal electrode body formed by 
winding a positive electrode, and a negative elec- 
trode, with sandwiching a separator therebetween 
around the outer periphery of a core, and an elec- 
trolyte solution to impregnate said internal elec- 
trode body, 

wherein an insulating member is disposed at 
both ends of the core to extend length of the core, 
and the core as well as the insulating member are 
sandwiched to be fixed between caps to seal end 
surfaces of a case for battery. 

15. The battery structure of a lithium secondary battery 
according to claim 12 or 14, wherein one of said 
caps is provided with an electrolyte solution injec- 
tion opening in an extended position of a hollow 
portion in said core or said insulating member. 

1 6. The battery structure of a lithium secondary battery 
according to claim 12 or 14, wherein either hole 
portions or slits are provided on end portion of the 
core or said insulating member. 

1 7. The battery structure of a lithium secondary battery 
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according to any one of claims 9. 12 and 14, 
wherein a recessed portion is formed in an inner 
center portion of end surface of a case for battery 
where said electrolyte solution injection opening is 
not formed, or a recessed portion is provided by 
making said center portion of end surface a convex 
shape outwardly. 

18. A battery structure of a lithium secondary battery 
comprising an internal electrode body formed by 
winding a positive electrode, and a negative elec- 
trode, with sandwiching a separator therebetween 
around the outer periphery of a core, and an elec- 
trolyte solution to impregnate said internal elec- 
trode body, 

wherein one collective connection portion is 
provided in one internal terminal to connect a plu- 
rality of tabs together in one place, and the collec- 
tive connection portion is positioned within a range, 
in the axial direction of the core, which is extended 
from an outer periphery of the core to an outer 
periphery of the internal electrode body. 

1 9. The battery structure of a lithium secondary battery 
according to any one of claims 9, 12, 14, and 18, 
wherein one collective connection portion is pro- 
vided in one internal terminal so as to connect a 
plurality of tabs together in one place, and said col- 
lective connection portion is positioned within a 
range, in the axial direction of said core, which is 
extended from an outer periphery of said core to an 
outer periphery of said internal electrode body. 

20. The battery structure of a lithium secondary battery 
according to claim 18, wherein a plurality of tabs 
provided on an approximately straight line within a 
range, in the direction of diameter, which is 
extended from the outer periphery of the core to the 
outer periphery of the internal electrode body, are 
collectively connected with one internal terminal. 

21 . The battery structure of a lithium secondary battery 
according to claim 18, wherein said interna! termi- 
nal is disposed in caps sealing the end portions of 
the case for battery. 

22. The battery structure of a lithium secondary battery 
according to claim 18, wherein a plurality of said 
internal terminals is disposed for the positive elec- 
trode and the negative electrode, respectively. 

23. The battery structure of a lithium secondary battery 
according to claim 18, wherein the collective con- 
nection portion of said interna! terminals is placed 
in a position, in the center direction of diameter, 
which is extended from outer periphery of said core 
to reach outer periphery of said internal electrode 
body. 



24. The battery structure of a lithium secondary battery 
according to claim 18, wherein said tabs are con- 
nected in the form of the collective connection with 
said interna! terminal by means of welding, or 

5 caulking, or eyelet. 

25. The battery structure of a lithium secondary battery 
according to claim 18, wherein said internal termi- 
nal is made of aluminum or aluminum alloy, or cop- 

10 per or copper alloy. 

26. The battery structure of a lithium secondary battery 
according to claim 1 8, wherein the caps sealing end 
portions of the case for battery is a path for an elec- 

15 trie current. 

27. The battery structure of a lithium secondary battery 
according to any one of claims 9, 12, 14, and 18, 
wherein the case for battery is one formed by sand- . 

20 wiching a pipe with the caps which work as the end 
surfaces of the case for battery at end portions of 
the pipe, and sealing said end portions of the pipe 
by means of caulking process. 

25 28. The battery structure of a lithium secondary battery 
according to claim 27, wherein a necked portion is 
provided in the inner periphery portion of said pipe 
between the end surface of said internal electrode 
body and said cap. 

30 

29. The battery structure of a lithium secondary battery 
according to any one of claims 9, 12, 14, and 18, 
wherein said battery is a one having a capacity of 2 
Ah or more. 

35 

30. The battery structure of a lithium secondary battery 
according to any one of claims 9, 12. 14, and 18, 
wherein said battery is a one for a motor driving 
power source for an electric vehicle or a hybrid 

40 electric vehicle. 
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